Abstract. Several closed form finite strain equilibrium solutions are presented for a special compressible isotropic elastic material which was proposed as a model for foam rubber by Blatz and Ko. These solutions include bending of a cylindrical sector into another sector or a rectangular block, bending of a block into a sector, expansion, compaction or eversion of cylinders or spheres, and torsion and extension of circular cylinders or tubes.
1. Introduction. Ericksen has examined the problems of finding all of the deformations which can be supported, in the absence of body force, in all homogeneous, isotropic, incompressible elastic solids [1] , or in all homogeneous, isotropic, compressible elastic solids [2] , The first category consists of all isochoric homogeneous deformations and five families of nonhomogeneous deformations, the so-called controllable or universal deformations ( [1] and Singh and Pipkin [3] ). The second category consists of homogeneous deformations only, i.e., there is no nonhomogeneous finite deformation which can be supported in every compressible isotropic elastic solid material without applying a body force.
This latter result implies that nonhomogeneous deformations can be discussed, for compressible solids, only in the context of a particular strain energy function, or class of strain energy functions. Currie and Hayes [4] have suggested that Ericksen's results have had an unduly inhibiting effect on the study of nonhomogeneous finite deformations. For compressible solids, in particular, the analysis of such deformations is usually very complicated even for simple forms of the strain energy function and very few closed form solutions have been obtained.
John [5] introduced the class of harmonic materials, for which the problem of finite plane strain simplifies considerably, and solutions of such problems have been presented by several authors [6] [7] [8] [9] [10] , Abeyaratne and Horgan [11] obtained an exact solution of the problem of pressurization of a hollow sphere of harmonic material; see also Ogden [10] . Wheeler [12] has examined the deformation of a harmonic material containing an ellipsoidal cavity. Chung, Horgan, and Abeyaratne [13] obtained exact solutions of the problems of cylindrical or spherical expansion or compaction for a material with a special strain energy function proposed by Blatz and Ko [14] to model the nonlinear response of foam rubber; see also Beatty [15] . Carroll [16] recently presented several exact solutions for three classes of materials, one of which is the class of harmonic materials. Haughton [ 17] has discussed inflation of thick-walled elastic spherical shells composed of compressible materials, including harmonic materials. Horgan [18] has recently described how the governing equilibrium equation for axisymmetric deformation of compressible materials in two and three dimensions can be reduced to a pair of first-order ordinary differential equations, leading to exact solutions of the equilibrium equation for particular materials.
In the present paper, exact solutions of several problems are found for the special strain energy proposed by Blatz and Ko [14] , These solutions are obtained by the semi-inverse method, and each of the deformations is a nonisochoric generalization of a deformation which is controllable for homogeneous, isotropic, incompressible elastic solids. Some of the solutions are quite simple (for example, the Blatz-Ko strain energy admits pure torsion*) and some are quite complicated (for example, the radial deformation solutions of Chung, Horgan, and Abeyaratne [13] ). Although the Blatz-Ko strain energy is a very special one (even its response to infinitesimal deformations is special, with value \ for Poisson's ratio) it has been proposed as a model of compressible nonlinear elastic response for foam-rubber-like material. So, the solutions presented here are a worthwhile addition to the small set of closed form solutions in nonlinear elastostatics. with > 0, and k > 0, describes straightening of a cylindrical sector into a rectangular block. Here {R,@, Z) are cylindrical polar coordinates of a particle before deformation and (x, y, z) are its rectangular Cartesian coordinates after deformation.
The deformation gradient tensor F, given by F = ^ev <g> e" + ^ev <g> e0 + ke_ <8> ez , (3.2) admits a polar decomposition F = VR, with rotation tensor R and stretch tensor V given by R = ev ® eR + e(, <g> ee + e. ® ez The resultant end couple M needed to hold the straightened sector is given by
where L is the length of the sector, in the Z-direction, before deformation. Equations (6.9) and (6.11) are a parametric representation of the solution for cylindrical eversion, with parameter t > 0. This solution is simply that obtained by Chung, Horgan, and Abeyaratne [13] , with t replaced by -t. dr dr2 \dr) y ' which is the same as the equation obtained by Chung, Horgan, and Abeyaratne [13] in the case of radial expansion or compaction
The change of variable < = -->0 (7.8) leads to the first-order equation
3'"^ = ~{t + 1)(2/2 -2t + 5). (7.9) Proceeding as in the previous section leads to a parametric representation of the deformation, with parameter t > 0, which is obtained from the solution in [13] by replacing t by -t, viz. and so the lateral surface of a solid circular cylinder or a hollow tube can be rendered traction-free when (8.7) holds. The resultant normal force T on the ends of a hollow cylinder of inner and outer radii /?, and R2 is given by Eq. Thus, if the axial stretch X is specified then the torsional rigidity ^ is constant. Furthermore, when X = 1 , (8.10) and (8.12) yield the result \T\ = DM, (8.13) a universal relation between applied twisting moment and compressive thrust. The result (8.13) was also obtained by Beatty [15] . On the other hand, if there is no resultant normal force on the ends, then elimination of X from Eqs. (8.11) and (8.12) gives a nonlinear relationship between M and D.
9. Bending and shearing deformations. The result obtained in the previous section suggests that it may be worthwhile to examine, for the Blatz-Ko strain energy (2.4), nonisochoric generalizations of the five families of nonhomogeneous deformations which are known to be controllable deformations for all homogeneous, isotropic, incompressible elastic solids [1, 3] . 
